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ABSTRACT 


Difluoramino  compounds  were  continuously  synthesized  by 
the  high  pressuie  liquid  phase  reaction  of  N»F4  with  an  olefin  diluted  in  an 
appropriate  solvent.  About  400  pounds  of  two  NjF-  adducts  were  synthesized 
over  a  two-year  period  in  a  tiibular  reactor  operating  in  the  laminar  flow 
regime.  The  productivity  of  the  reactor  was  progressively  increased  to  a 
rate  of  about  100  pounds  per  month.  A  mathematical  model  of  the  flow 
reactor  was  developed  and  used  to  establish  reaction  conditions  that  would 
not  result  in  prohibitive  exotherms. 
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Gi^OSSARY 


TVOPA 
A -3 
NFPA 
Freon  TF 
Freon  MF 
2D 

D/P  ceU 


1.2,  3-Tris^^-bi>.(difluoraniino)etli03cy]propane 
2.  3-bis{difluu-  aino)propyi  formate 
2.  3-bis(difiuoramino)propyl  acrylate 
1,1, 2-trichloro  1,2.  2-trifluoroethane 
trichlcrofluoroT  >ethane 

Refers  to  tvyo-di-n-^^nsional  mathematical  model 

Pneumatic  differential  pressure  cell  vrith  integral 
flow  nozzle 
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1.  INTRODUCTION 

Composite  solid  propellants  based  upon  binders  and  plastici¬ 
zers  containing  the  difluoramino  (NF2)  group  have  been  of  interest  for  the 
past  decade.  Difluoramino  compounds  which  have  been  scaled-up  to  the  pilot 
plant  by  these  Laboratories  were  based  on  the  addition  of  tetraflucrchydrazine 
(N2F4)  to  olefins  by  the  reaction  shown  in  Eq.  (1).  The  first  pilot  plant  unit 


\  / 
C  =  C 

/  \ 


N2F4 


1  1 

>  -c  —  c- 

I  1 

NF2  NF2 


-35 


k  cal 
g  mole 


(i) 


was  a  continuous  vapor  phase  tubular  reactor  operating  at  atmospheric  pres¬ 
sure,  and  production  rates  up  to  150  gms/hr^  were  obtained.  Although  the 
vapor  pdase  reactor  was  useful  in  various  programs,  vapor  phase  addition 
was  impractical  for  the  synthesis  of  many  NF  plasticizers  because  neither 
the  olefin  nor  product  was  easily  vaporized. 

This  report  describes  the  design  and  successful  demonstraltoa 
of  a  liquid  phase  reactor  unit  suitable  for  the  continuous  production  of  non¬ 
volatile  compounds  by  the  exothermic  N2F4-olefin  reaction.  The  contacting 
technique  chosen  was  the  absorption  of  N2F4  into  a  solvent-olefin  mixture 
at  400  -  500  psig.  A  similar  principle  had  been  demonstrated  by  Rohm  &  Haas 
Company  for  continuous  vinylation  of  alcohols  with  acetylene.  “  DuPonr 
constructed  an  experimental  vuiit  to  show  the  feasibility  of  using  a  continuous 


^Rohm  Se  Haas  Company,  Quarterly  Progress  Report  on  Chemical  and 
Propellant  Processing,  No.  P-63-17,  January  15,  1964. 

^Nedwick,  John  J. .  Ind.  Eng.  &  Chem. ,  Process  Design  &  Development, 

1,  1962,  137. 

^E.  I.  du  Pont  de  Nemours  &  Company,  Supply  of  Experimental  High-Energy 
Solid  Propellant  Materials,  Final  Report  No.  DP-504,  July  1,  1962  through 
September  30,  1963. 
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tiibiilar  reactor  for  the  liqmd  phase  addition  of  to  olefins ,  but  their  unit  | 

reqiiired  batch  work-up  of  the  product.  The  liqvud  phase  reactor  installed  I 

here  provided  for  continuous  work-up  (desorption  of  unreacted  NjiF4)  as  well  | 

as  continuous  reaction.  | 

I 

Although  design  of  the  liquid  phase  reactor  emphasized  the  | 

capability  of  synthesizing  a  large  variety  of  possible  adducts,  only  two  have  | 

I 

been  synthesized  in  large  quantities  to  date.  About  190  lbs.  of  2,  3-bis(difiuor-  j 
amiao)propyl  formate  (A-3)  v.-as  made  by  addition  of  one  mole  of  N2F.  to  ally!  ’ 

formate  according  to  reaction  (2)  and  about  215  pounds  of  1. 2,  3-tris[  a,  ^-bis-  ] 

O  O 

n  3  i 

H2C  =  CH  -  CH2  -  O  -  CH  i-  N2F4  - >  H2C  —  CK  -  CH2  -  O  -  CK  (2)  \ 

NF2  liFz 

{difluo-anuno)6tho;<y]prop2ne  (TVOPA)  was  made  by  the  addition  of  three 
moles  of  N2F4  to  trivinoxypropace  (TVOP)  according  to  reaction  (3). 


3  N,F  -  +  HjC  =  CH-C>-CH  CCK2  -  O  -  CK  =  CKz)^ 


HjC  —  CH  -  O  -  CH  (CH2  -  O  -  CK  -  CHj)2 

‘  j  j  ^  j  ! 

NF,  ?«F2  NFj  l^Fj 


The  A-3  [an  intermediate  in  die  synthesis  of  the  propellant  binder,  2,  3-bis- 
(difiuoramino)propyl  acrylate  (NFPA)]  was  formerly  synthesized  in  the 
continuous  vapor  phase  reactor.  The  TVOPA  was  of  interest  as  a  plasticizer 
for  the  same  system.  Some  of  the  properties  of  A-3  and  TVOPA  are  sum¬ 
marized  in  Appendix  A. 
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2.  CCNCLUSIONS  AND  RECOMMENDATIONS 

1.  The  feasibility  of  the  conticuous  liquid  phase  synthesis 

of  N2FA  adducts  in  a  tabular  reactor  operating  in  the  laminar  flow  regime  was 
successfully  demonstrated. 

2.  Mathematical  models  were  used  to  cliaracterize  the 
reaction  exotherms,  and  explosive  reactions  were  avoided. 

3.  Scale-up  to  higher  production  rates  is  practical  and 
necessary  to  the  pilot  plant  program,  but  this  will  be  seriously  restricted 
in  the  laminar  flow  regime. 

4.  Further  studies  should  be  made  for  scale-up  to  production 
in  the  turbulent  How  region. 
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3.  DISCUSSION 

3.  i  Advantages  of  the  Liquid  Pliase  Flow  Reactor 

Use  of  the  liquid  phase  reactor  to  prepare  adducts  has 

several  advantages  compared  to  a  vapor  phase  reactor.  As  shown  in  Table  I 
these  advantages  are  related  to  the  increase  in  reaction  rate  caused  by  the 
high  reactant  concentration  in  the  condensed  phase.  The  advantages  of  the 
liquid  phase  reactor  include: 

{i)  a  substantial  reduction  of  reaction  temperature  with 
maintenance  of  reasonable  reactioa  rates  for  relatively  volatile  olefins  and 
adducts; 

(2)  a  high  yield  per  unit  volume  of  the  reactor  due  to  the 
high  concentration  of  reactants  in  the  liquid  phase; 

(3)  the  extension  of  continuous  flow  reaction  to  non-volatile 
systems  which  otherwise  would  require  autoclave  operation.  This  consider¬ 
ation  was  particularly  important  for  propellant  plasticizers,  for  which  low 
vapor  pressure  was  an  essential  requirement. 

Table  i 

Comparison  of  Liquid  and  Vapor  Phase  Reactors  in  A-3  Synthesis 


Liquid  Phase 

Vapor  Pha.s 

Reactor 

Reactor 

Reactor  Temp. ,  ’C 

103  -  130 

210 

N2F4  inlet  concentration,  mcles/iiter 

1-5 

0.03 

Space-time  yield,  moles/liter -hr. 

3.0 

0.3 

3.  2  Operation  S\nnmary 

A  two -stage  reactor  operating  in  the  laminar  flow  regime 
was  used  for  the  synthesis  of  A-3  and  TVOPA.  The  reactor  coils  were 
immersed  in  a  boiling  water  ba,th.  The  was  absorbed  at  an  elevated 

pressure  upstream  of  the  first  stage.  Typical  reaction  conditions  for  both 
TVOPA  and  A-3  r.re  summarized  in  Table  11. 
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Table  U 

Summary  of  A  -3  and  TVOPA  Operating  Conditions 


A-3 

TVOPA 

Production  rate,  gms,  per  hour 

425 

400 

Yield  on  olefin/ recovery.  % 

90-99f 

94-9^ 

N2F4  concentration,  gms/cc  solvent 

0,2 

0.2 

Solvent 

Freon  TF 

S0%  Freon  TF, 

ti^^^zolcUn  mole  ratio 

i.05-1.  JO 

20%  chloroform 

3,2-3.  3 

Reactor  pressure,  psig 

400-450 

40G-45C 

Reactor  temperature.  ®C 

Stage  I 

103 

25 

Stage  H 

i25-13C 

115 

Reactor  voltane.  ml 

Stags  1 

311 

3ii 

Stage  n 

425 

425 

Residence  time,  minutes 

a>23 

Pounds./ shift,  maximum 

&.3 

6.0 

Tha  concentration -was  hormaily  0.2  grams/cc  solvent, 
resaiting  In  product  diluted  BS%  solvent.  Freon  TF  fCCljF-CCIFj)  and 
5  mixsa  solvent,  SQ%  Freen  TF  and  20%  chlc-roform,  were  usee  ar-  the 
diluents  for  A-3  and  TVCPA  syntbesis-  rssp*cti\.-sly.  The  total  residence 
time  in  both  stages  was  about  2d  minutes.  Heaction  pressures  were  varied 

eOO  to  dOO  psig  with  ao  noticeable  efiect  sa  conversion  or  product  quality. 

Two  mathematical  models  of  the  reactor  were  devdepso,  the 
&u1k  mods!  a5u  the  two  dimsiisjoaiJ.  model  {Section  3,  5}.  Fi^uc  *  1  shows  the 
calculated  conversions  and  exotherm  profiles  for  the  TVOP-A.  j.  eduction  condi- 
tjoas  iisted  in  T&ble  n,  Soth  SJiodcle  indicated  a  conversion  c£  about  and 
2-  majiinQum  exotnerm  oi  S-12®C  in  each  stage.  About  50-o0%  of  the  reaction 
was  carried  cut  in  ths  first  stage  at  a  nominal  temperature  of  85*  C,  and  the 


COf^HXNHAL 


((4.S|»V'  -A''  •  *  tvi*)-'  A-I  '■»'  I’ll) 


n  »v««*»*ue 


6 
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reactioR  --was  completed  in  the  second  stage  at  a  nominal  temperature  of  115®C. 
Experimentally  measured  conversions  were  within  the  range  predicted  from 
the  theoretical  models. 

Typical  analytical  values*  for  TVOPA  produced  in  the  flow 
reactor  are  shown  in  Table  m.  Occasional  batches  had  N-fluoroazoxy  concen¬ 
trations  greater  than  1  %  because  of  high  (>0.  3  %)  nitric  oxide  levels  in  the 
N2F4.  The  source  of  the  alcohol  impurity  was  undetermined,  and  the  impurities 
corresponding  to  some  of  the  other  infra -^ed  absorbance  frequencies  were  not 
fully  identified.  Specifications  on  raw  materials  used  iu  the  synthesis  of 
TVOPA  and  A-3  are  shown  in  Appendix  B. 

The  two  N2F4  adducts  were  synthesized  alternately  during 
the  1-3/4  year  period  since  the  flow  reactor  was  put  into  opzraiion.  Productivity 
for  each  reaction  was  increased  to  about  0,  9  pounds  per  hoar.  In  a  recent 
calendar  month  79  poimds  of  TVOPA  was  made  using  a  single  shift  operation. 
Operation  was  relatively  trouble-free  and  down  time  required  for  equipment 
repair  was  reduced  to  less  thaa  Zu%  of  the  total  operation  time. 

The  liquid  phase  flow  reactor  was  designed  for  a  maSamum 
production  rate  of  about  one  poiind  per  hour,  corresponding  to  a  Reynolds 
nxunber  of  about  40G.  Further  scale -up  appears  practical  within  the  laminar 
ilovf  regime,  and  equipment  has  been  obtained  to  increase  the  capacity  to  about 
three  pounds  par  hour.  Additional  mathematical  characterization  is  required 
for  turbulent  flow*  where  the  heat  transfer  rate  would  be  considerably  higher, 
and  hence  more  favorable  for  furdier  increased  reaction  rate. 


*Test  details  are  reported  in  Rohm  &  Haas  Comja.ny,  Quarterly  Progress 
Report  on  Chemical  and  Propellant  Processing,  P-64-10.  January  22,  L965. 
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Table  m 

Quality  Control  Tests  on  TVOPA 


Infrared  Analysis 
A.  % 

2.  TSji  -  (alcohol  as  ethanol) 

6.  60pL  -  (N-Ciioroazoxy  as  pentaJds  adduct} 
6. 10,  6. 18p.  -  (residual  olefin  as  TVOP) 

B  Absorbance  Units 
5.  78ii  (carbonyl 

5.  92i‘  (fluorimino) 

6.  23|i  (fluorimino) 


Typical  Range 


(a) 


0.  07  -  0.  045 
0.  10  -  0.45 
nil  -  trace 


0. 025  -  C.  045 
0.  125  -  0.  150 
0.  040  -  0.  085 


XL  Differential  thermal  analysis  (10*C/inin) 
Start,  ‘C 
Peak,  “C 

m.  Difluoramino  content 

Ferrous  reducibies,  meq/ml 


160  -  185 
260  -  270 


36. 5  -  37.  5 


rv.  Impact  sensitivity 

Picatinny,  kg  cm  (RDX  =  10.5  kg-cm) 


10,9  -  25.3 


Typical  values  found  for  TVCPA  syn^esized  from  N2F4  greater 
than  99. 5%  assay. 

(b)  Test  is  described  in  Rohm  2c  Haas  Company,  Advanced  Propellant 
Synthesis  Report  No.  S-59,  March  31,  1965. 
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3. 3  Apparatus 

A  flow  sheet  of  the  system,  which  was  designed  for  the  completely 
remote  control  of  the  N2F4  pressurization,  reaction,  depressurization,  and 
continuous  work-up,  is  shown  in  Fig.  (A  detailed  description  of  each  section 
is  included  in  Appendix  C.)  Gaseous  N2F4  was  metered  with  a  two-stage  dia¬ 
phragm  compressor  from  a  storage  cylinder  to  a  mixing  tee  for  absorption  into 
the  solvent-olefin  solution.  The  N2F4  metering  was  automatically  controlled  by 
a  closed-loop  pneumatic  system  consisting  of  a  differential  pressure  meter,  a 
two-mode  set  point  controller,  and  a  pneumatic  stroke  controller  on  the  first 
stage  of  the  compressor.  The  solvent  and  olefin  were  premixed  and  metered 
by  a  positive  displacement  pump.  Because  the  heat  of  solution  of  N2F4  in  the 
solvent  is  4  to  6  kcal/mole,*  the  absorption  and  mixing  were  accomplished  in 
a  cooled  section  of  the  pipe  line.  The  three-component  solution  was  fed  to  the 
two-stage  tubular  reactor,  which  was  maintained  at  an  elevated  pressure  by 
the  downstream  application  of  nitrogen  pressure  on  the  domes  of  two  Grove 
Mity-Mite  let-down  valves,  which  were  mounted  in  series.  Prior  to  depres¬ 
surization  through  the  let-down  valves,  the  reactor  efiluent  was  cooled  to  less 
than  20“ C.  The  unreacted  I*tF4  was  continuously  desorbed  from  the  depres¬ 
surized  liquid  with  a  nitrogen  sweep  in  a  countercurrent  wetted  wall  column. 

The  product  was  collected  in  another  bay  following  an  air  sparge  in  a  hold-up 
vesseL  The  air-I*^F4  laden  nitrogen  was  further  diluted  with  nitrogen  and 
discharged  through  a  2 -inch  aluminum  stack  at  50  feet  above  ground  level. 

Each  reactor  stage  consisted  of  a  coil  of  0. 180 -inch  I.  D. 
tubing  totally  immersed  in  a  liquid  water  bath  contained  in  a  totally  enclosed 
6-inch  pipe.  The  system  was  designed  for  a  reaction  pressure  up  to  500  psig, 
temperatures  from  20  to  170“C,  and  production  rates  up  to  about  one  pound 
per  hour  of  adduct. 


^Rohm  ft  Haas  Company,  Quarterly  Progress  Report  on  Physical  Chcunistry, 
P. 62-25,  AprU  1963. 
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3. 4  Operating  Techniques 

The  detailed  standard  operating  procedure  is  included  in 


Appendix  D. 


During  the  steady-state  portion  of  the  batch,  operational 
requirements  were  mainly  limited  to  checking  and  adjusting  process  variables, 
including  N2F4  feed  rate,  N2F4  suction  pressure,  olefin  solution  feed  rate, 
stage  temperatures,  and  nitrogen  and  air  flows  to  the  product  collection  system. 
About  6-1/2  to  7  hours  of  steady-state  operation  was  possible  for  a  single  shift. 
The  process  was  controlled  by  one  operator  during  this  period.  Typically,  the 
start-up.  which  was  limited  to  equipment  checkout  and  filling  out  batch  cards, 
consumed  about  15  minutes.  The  shut-down  took  about  45  minutes,  the  period 
required  to  flush  the  reactor  with  one  reactor  volume  of  chloroform,  which 
was  collected  with  the  product.  For  personnel  entry  into  the  reactor  bay  the 
shut-down  procedtire  was  extended  to  include  flushing  the  N2F4  from  the  com¬ 
pressor  manifold  with  nitrogen,  which  added  15  minutes  to  the  shut-down. 

Before  each  start-up  the  N2F4  compressor  manifold  and  the 
reactor  coils  were  leak  checked  by  pressurization  and  holding,  usually  over¬ 
night,  but  for  at  least  15  minutes.  No  pressure  drop  was  acceptable  in  either 
section,  and  a  leak-free  system  was  easily  maintained.  Because  air  can  initiate 
an  explosive  N2F4  reaction,  special  precautions  were  taken  to  insure  that  air 
was  completely  purged  from  the  system.  For  start-up  following  the  simple 
overnight  shutdown,  the  purge  procedure  was  usually  not  required.  If  air  was 
admitted  to  a  section,  the  N2F4  compressor  manifold  was  flushed  with  nitrogen 
and  the  solvent-olefin  feed  line  as  well  as  the  reactor  coil  were  flushed  with 
solvent. 


3.  5  Exotherm  Characterization 

The  addition  of  N2F4  to  olefins  is  highly  exothermic,  and  the 
product  is  subject  to  thermal  degradation.  Therefore,  exotherm  control  was 
a  serious  consideration  in  the  reactor  design  and  operation. 
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Two  mathematical  models*’ of  the  coupled  heat  transfer- 
reaction  rate  process  in  the  flow  reactor  were  developed  to  identify  possible 
hazardous  operating  conditions  and  predict  the  effect  of  changes  in  the  operating 
conditions  on  exotherms  and  conversions.  The  models  (for  laminar  flow 
operation)  were: 

(1)  The  bulk  model,  which  assumed  a  slug  flow  profile  with 
concentrations  and  temperatures  varying  only  along  the  tubular  axis. 

(2)  The  two  dimensional  model  (2D  model),  which  accounted 
for  both  radial  and  axial  variations  of  temperature  and  concentrations  under 
fully  developed  laminar  flow. 

Some  findings  from  these  models  are  presented  in  Appendix  £,  and  the 
Fortran  program  listings  for  both  models  are  given  in  Appendix  F.  Both 
models  were  used  to  determine  reaction  conditions  which  would  limit  the  risk 
of  an  explosion.  Selection  of  pilot  plant  reactor  conditions  was  guided  by  the 
results  from  the  mathematical  analyses,  and  no  explosive  primary  exotherm 
was  encountered  in  the  pilot  plant.  The  mathematical  models  suggest  that 
current  reactor  temperatures  are  only  15-20'’ C  below  the  region  of  probable 
explosion,  but  their  validity  has  not  been  determined  experimentally.  Reaction 
rate  data  used  in  the  models  were  obtained  from  experiments  in  batch  reactors 
(Appendix  G). 

3.  6  Solvent  Selection 

Freon  TF  was  selected  as  the  basic  solvent,  primarily  , on  the 
criterion  of  complete  miscibility  with  N2F4,  olefin,  product,  and  reaction  by¬ 
products.  Other  important  requirements  were  non-flammability  and  stability 
in  the  presence  of  conuncn  chemicals,  materials  of  construction,  and  N2F4 
even  at  the  elevated  reaction  temperature. 


*Rohm  &  Haas  Company,  Quarterly  Progress  Report  on  Chemical  and  Propel¬ 
lant  Processing,  No.  P-64-3,  August  6,  1964. 

*Ibid,  No.  P-64-10,  January  22,  1965. 

^Rohm  &  Haas  Company,  Application  of  Flow  Reactor  Models  to  Process 
Simulation,  No.  S-54,  October  9,  1964. 
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Since  the  olefins  and  products  were  soluble  in  most  organic 
solvents,  N2F4  solubility  was  a  limiting  factor.  Incomplete  solubility  of  N2F4 
was  unacceptable,  because  with  even  a  small  fraction  of  the  gas  present  as  a 
second  i^se  the  residence  time  in  the  reactor  would  be  significantly  reduted. 
The  solubility  of  N2F4  was  measured  in  five  non-flammable  solvents:*’ 

(1)  Freon  TF;  (2)  Freon  MF;  (3)  chloroform;  (4)  carbon  tetrachloride;  and 
(5)  methylene  chloride.  Of  this  group.  Freon  TF  was  about  twice  as  good  as 
the  next  best  solvent,  chloroform.  The  minimum  400  psig  reactor  pressure 
was  established  from  N2F4  solubility  measurements  in  the  absence  of  the  olefin 
(Appendix  H);  the  e^ect  of  the  olefin  and/or  product  was  not  determined.  All 
A-3  runs  and  the  early  TVOPA  runs  were  made  with  pure  Freon  TF,  but  after 
initial  trouble  with  reactor  tube  plugging,  chloroform  was  added  to  the  Freon  TF 
for  TVOPA  synthesis  to  dissolve  TVOP  polymer  (Section  3.  7). 

3.  7  Operaticnal  Problems 

Mechaaicctl  Problems 

Although  corrosion  of  the  compressor  parts  by  N2F4  was 
minor  (Appendix  I),  considerable  difficulties  were  encountered  in  obtaining 
and  maintaining  the  necessary  compressor  capacity.  Apparently,  the  forma¬ 
tion  of  even  a  small  amount  of  powdery  corrosion  product  interfered  with  the 
check  valve  seating.  The  period  between  shut-downs  forced  by  check  valve 
leakage  was  substantially  increased  (from  one  to  four  months)  by  three  modi¬ 
fications:  (1)  a  sodium  fluoride  trap  v/as  added  to  absorb  traces  of  hydrogen 
fluoride  from  the  N2F4  feed;  (2)  bondable  "Teflon"  discs  were  cemented  to 
the  type  316  stainless  steel  valves  to  convert  the  seating  to  Teflon-to -metal 
from  metal-to-metal;  and  (3)  all  the  gas -wetted  parts  were  thoroughly 
cleaned  with  a  hot  Triton®— water  mixture  each  time  check  valve  leakage 
occurred. 


*Rohm  &  Haas  Company,  Quarterly  Progress  Report  on  Physical  Cheimstry, 
P-62125,  .April  1963. 

^Ibid. ,  No.  P-63-25,  February  7.  1964. 

^Esso  Research  and  Engineering  Company,  Quarterly  Progress  Report  on 
Research  on  Advanced  Solid  Propellants,  No.  61-3,  September  19,  1961. 
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Reactor  Plugging 

Reactor  plugging  was  sometimes  encountered  during  the  first 
batch  immediately  after  change-over  in  addo-t  production.  Apparently,  solid 
by-products  were  gradually  deposited  on  the  reactor  walls  throughout  the 
synthesis  of  both  adducts,  and  the  plugging  was  attributed  to  the  dislodging  of 
these  solids  by  the  change  of  reactant-product  mfrmire.  Because  the  pressure 
drop  re  .lained  about  constant  through  any  series  of  batches  with  the  same 
adduct,  these  solids  were  thought  to  be  deposited  as  a  thin  film  throughout  the 
reactor  tube.  It  was  evident  that  the  quantity  of  deposited  solids  was  negligible 
compared  to  the  quantity  of  adduct  synthesized;  78  pounds  of  TVOPA  was  made 
without  evidence  of  plugging. 

A  steam  and  water  cleaning  schedule  was  found  to  eliminate 
solids  prior  to  interchange  of  adduct  production  (A -3  to  TVOPA  or  vice  versa). 
Before  start-up  acetone  and  then  methylene  chloride  were  used  to  remove  ail 
truces  of  water  from  the  reactor  coils. 

Although  TVOP  polymerizes  very  slowly,  enough  polymer  was 
formed  under  the  N2F4  reaction  conditions  (100*  C  and  a  high  concentration  of 
NF2  free  radicals)  to  increase  the  pressure  drop  severely  in  a  0.  118-inch  I.  D. 
tubular  reactor  during  an  operating  period  of  an  hour  or  more.  Two  process 
changes  were  required  to  eliminate  this  problem:  (1)  mixed  solvent  (4:1  ratio 
of  Freon  TF  to  chloroform)  was  chosen  in  which  the  TVOP  polymer  was  at 
least  partially  soluble;  and  (2)  the  tube  diameter  was  increased  to  0.  180-inch  I.  D. 

3. 8  Safety 

About  3.  5  pounds  of  N2F4  was  lost  from  partial  decomposition 
which  occurred  on  one  occasion  with  the  opening  of  a  main  cylinder  valve,  and 
six  explosive  incidents  were  encountered  during  the  two-year  period  the  reactor 
was  in  operation.  No  personnel  injury  occtirred,  and  equipment  damage  was 
minor.  These  incidents  are  discussed  in  .Appendix  J. 
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The  synthesis  of  N2F4  adducts  in  the  liquid  phase  reactor  had 
a  significant  safety  advantage,  since  the  potentially  explosive  reactant -product 
mixture  was  heavily  diluted  with  solvent.  Thus,  the  85%  solvent  dilution  of 
the  reactor  effluent  allowed  non-remote  handling  of  a  desensitized  product. 
Solvent  dilution  during  reaction  apparently  eliminated  explosion  propagation 
through  the  liquid  phase.  All  six  explosions  experienced  during  reactor  opera¬ 
tion  were  confined  to  short  sections  where  the  explosion  initiated.  In  foiir 
instances  the  explosion  occtirred  in  the  N2F4  mixing  and  absorption  section 
during  apparently  trouble-free  operation  when  the  downstream  section  was 
filled  with  the  reactants -product  solution. 
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Properties  of  TVOPA  and  A-3 


Table  IV. 


Physical  properties  for  both  A-3  and  TVOPA  are  itemized  in 


Table  IV 

Properties  of  TVOPA  and  A-3 


TVOPA 

A-3 

Appearance 

clear  liquid 

clear  liquid 

VolatiUty 

eqtii valent  to  trie  *.yleae 
glycol  dinitrate 

6.  5  mm  Hg 

Freezing  point 

<  -see 

<  -30*C 

Specific  gravity 

1.  54 

1.43|2- 

Viscosity,  30*  C,  cp 

33 

Mol<  cular  weight 

482 

190 

Weight  %  N2F4 

64.7 

54.6 

—  ■  (a) 

loxicity 

400-500 

225 

(a)  LE^  in  mg/kg  of  body  wt.  in  acute  oral  tests  on  white,  male  Wistar 
rats;  both  compounds  are  classed  as  ‘liighly  toxic'*  on  this  basis. 
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Raw  Material  Specifications 


N2F4 


Minimum  purity  for  TVOPA  iyntherin  waa  set  at  % 

and  for  A-3  synthesis  at  97  wt.  %.  For  TVOPA  eynthf;sis  nitric  oxide  content 
was  limited  to  a  maximum  value  of  3  wt.  %, 

Although  the  effect  of  impurities  in  N2F4  was  not  ftilly  established, 
nitric  oxide  appeared  to  react  preferentially  daring  TVOPA  synthesis  to  yield 
the  fiuoroasoxy  imparity  by  the  reaction  shewn  in  equation  4. 


C  i  C  *  N2F4 


_C  —  C- 

1_  ! 

Ni  2  O 


As  shown  in  Fig.  3,  the  flaoroazoxy  impurity  in  TVOPA  increased  about 
3,  5'5»  (as  the  pentakis  adduct)  for  each  1  %  NO  in  the  J^F4  feed.  A  larger 
amount  of  NO  could  be  tolerated  in  the  A-3  synthesis,  probably  because 
of  the  fractionation  of  fiuoroazoxy  effected  by  subsequent  reaction  and 
purification  steps  in  the  NFPA  synthesis. 

T  riviaexyprosiane 

Minimum  assay  of  TVOP  as  determined  by  gas  chromatography 
v?as  set  a;  Conversion  calculations  assumed  iGO%  TVO?  purity. 
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PREDICTED  CURVE  AT  3l>  MOLES. 
N-F4/MOLE  TVOP 

EXPERJKCNTAL  DATA  FOR  EIGHT 
BATCHES 


2  3  4  5 

%  NO  IN  NgF^  FEED 


FIG.  3  FL-UORa^ZOXY  CONTENT  IN  PRODUCT  VERSe  '  NITRIC 
OXIDE  CONTENT  IN  NiF4 
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Detailed  Egaipmsnt  Description 


A  flow  sheet  for  the  liquid  phase  flow  reactor  is  shown  in 
Fig.  2,  The  N2F4  compressor  system,  the  two-stage  tubular  reactor,  and 
the  product  wcrk-up  system  were  located  for  completely  remote  operation 
in  a  bay  barricaded  by  12-incb  reinforced  concrete  wails.  An  8-inch  thick 
Pleagias®  sight  port  was  provided  for  visual  observation  of  the  reactor  bay 
from  the  control  area,  and  the  explosive  limit  on  the  bay  was  set  at  5  lbs. 
Because  v.'as  condensable  at  the  desired  operating  pressure,  the  entire 
reactor  bay  was  thermostatted  at  40®  C  (3.5®C  above  the  critical  temperature 
of  N2F4)*.  The  N2F4  feed  cylinders  were  located  in  an  adjacent  barricaded 
bay.  and  a  second  adjacent  barricaded  bay  was  used  for  product  collecticn. 
The  solvent -oiefin  feed  tank  and  pump  were  located  in  the  control  area. 


N2.F4  Cylinder  Manifold 

The  f^F4  cylinder  manifold,  shown  in  Fig.  4,  served  a  dual 
piurpose.  First,  it  provided  for  ready  replacement  of  N2F4  feed  cylinders 
daring  any  portion  of  the  flow  reactor  operation;  and  second,  it  allowed 
recombiaaticn  of  nearly  empty  cylinders  by  compression  into  another  gas 
cylinder.  There  were  two  independent  cylinder  mauifolds  containing  one 
and  three  cylinders,  respectively. 


^Robm  &  Haas  Company,  Quarterly  Progress  Report  on  Air  Force  High 
Energy  Solid  Propellant  Progrsmi,  No.  -4F-8,  Febriary  9,  1961. 
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The  N2F4  was  fed  from  a  single  cylinder,  and  about  five  hours 
was  required  to  reduce  the  pressure  from  130  psig  to  the  16  psig  standard 
suction  pressure  of  the  compressor.  Usually  the  three  cylinders  in  a  bank 
were  emptied  before  any  in  that  bank  was  replaced.  Before  cylinder  removal 
and  before  the  opening  of  a  newly  installed  cylinder,  the  noanifold  was  purged 
of  air  by  five  alternate  fillings  with  100  psig  N2  and  ventings  to  atmosphere. 
The  small  amount  of  remaining  atmospheric  nitrogen  was  fed  with  the 
The  operating  procedure  for  cylinder  interchange  is  discussed  in  Appendix  D. 

Following  an  incident  discussed  in  Appendix  J,  flame  protection 
was  provided  during  the  opening  of  main  N2F4  cylinder  valves.  Personnel 
were  protected  by  a  12-inch  reinforced  concrete  wall  against  which  the 
cylinders  were  fixed.  A  two-foot  long  cable  was  inserted  through  the  wall 
to  open  the  valve.  Care  was  taken  to  insure  that  the  noain  cylinder  valve  was 
fully  opened  to  take  advantage  of  a  second  stem  seal  which  was  independent 
of  the  packing. 

About  1/2  poiind  of  N2F4  was  recovered  from  each  exhausted 
feed  cylinder  by  recombination  with  the  two-stage  compressor.  Typically, 
the  compressor  evacuated  the  15-16  psig  heels  in  the  spent  cylinders  to 
10-15  inches  vacuum  while  discharging  £0  as  much  as  110  psig.  Mass 
spectral  analyses  confirmed  a  negligible  change  of  N2F4  quality  by  this 
procedure.  Six  to  nine  cylinders  could  be  emptied  in  a  single  day. 

N2F4  Compressor  System 

A  two  stage,  double  diaphragm  Lapp  compressor  having  a 
nominal  capacity  of  about  0,  75  pounds  of  N2F4  per  hour  (15  psig  to  500  psig) 
was  used  to  compress  the  N2F4,  The  double  diaphragm  feature  was  chosen 
to  avoid  the  mixing  of  I'^F4  with  the  hydrocarbon  oil  if  a  leak  should  occur 
in  the  diaphragm,  and  the  interdiaphragm  space  was  filled  with  No.  3  Kei-F 
oil.  However,  no  difficulty  was  encountered  with  diaphragm  leakage. 
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A  feed  back  control  system  was  used  to  maintain  the  N2F4  feed 
rate  to  within  ±  3.  5%  of  the  desired  value.  The  feed  rate  was  measured  by 
a  Fisher -Porter  differential  pressure  transmitter  (D/  P  cell)  with  an  inte¬ 
grally  mounted  flow  nozzle.  The  unit  was  continuously  adjustable  throiigh  a 
0-20  to  0-200  inches  of  water  range.  A  Minneapolis -Honeywell  two-mcde 
set-point  recording  controller  (proportional  plus  automatic  reset)  was  used 
to  actuate  the  pneumatic  stroke  controller  located  on  the  first  stage  of  the 
compressor.  The  D/  P  cell  was  attached  to  the  suction  side  of  the  compressor. 
Suction  pressure  was  controlled  to  16  ±  0.  5  psig  with  a  Matheson  Company 
ha.logen  regulator.  The  regulator  was  modified  for  remote  operation  by 
substitution  of  pneumatic  for  mechanical  actuation  of  the  non-process  side 
of  the  diaphragm.  Continual  adjustment  of  the  pneumatic  manual  loader  was 
required  to  maintain  the  suction  pressure  within  ±  0.  5  psig  because  pres¬ 
sure  in  the  N2F4  supply  cylinder  dropped  about  25  psi  per  hour  during  a  run. 

Periodic  independent  checks  of  the  I^F4  feed  rate  confirmed 
the  rate  indicated  by  the  D/  P  cell.  A  2. 5-liter  cylinder  was  located  down¬ 
stream  of  the  I^F4  feed  cylinder,  and  the  rate  was  checked  by  determining 
the  pressure  drop  in  this  small  cylinder  over  a  period  of  four  minutes.  The 
small  cylinder  was  immediately  refilled  (to  feed  cylinder  pressure)  by  opening 
a  connecting  valve  to  the  feed  cylinder.  This  technique  provided  a  rapid  check 

on  the  D/  P  cell  readout  without  seriously  interfering  with  the  absolute  1^F4 
% 

feed  rate. 

Activated  sodium  fluoride  was  used  in  the  HF  trap.  This 
was  prepared  by  heating  sodium  bifluoride  {i/4"  x  l/4"  pellets)  overnight 
at  300*' C  while  passing  nitrogen  through  the  bed  to  eliminate  hydrogen  fluo’»dde. 

Solvent  and  Olefin  F eed 

The  solvent  and  olefin  were  premixed  and  metered  with  a 
2300  cc/hr.  capacity  I-app  diaphragm  pomp.  A  glass  wool  filter  was  required 
to  separate  an  clly  material  which  otherwise  interfered  with  the  seating  of 
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Hastelloy  ball  checks.  Clear  polyethylene  tubing  was  used  to  connect  the 
filter  to  the  suction  side  of  the  metering  pump,  and  this  section  was  period¬ 
ically  checked  to  insure  that  the  pump  was  not  drawing  air. 

Mixing  and  Absorption 

The  N2F4  was  mixed  with  the  solvent-olefin  in  a  cooled  tivo-foot 
section  of  l/4-inch  I.  D.  tubing  to  control  the  heat  of  solution  (4-6  kcal/moic) 
of  N2F4  in  the  solvent. 

Reactors 

As  shown  in  Fig.  5,  each  reactor  chest  was  constructed  from 
a  schedule  40  6-inch  water  pipe,  30  inches  long,  vertically  mounted,  and 
insulated  with  about  2  inches  of  vermiculite.  £ach  chest  had  provision  for 
cooling  with  tap  water,  heating  to  170“  C  with  injected  steaun,  and  heating 
with  hot  water  to  about  95*  C.  A  steam  inlet  was  located  at  the  bottom  of 
the  pipe,  and  the  condensate  overflow  was  from  the  top  so  that  the  tubular 
coils  were  totally  immersed  in  the  liquid  bath.  The  tubular  reactor  was  con¬ 
structed  by' coiling  0.18  inch  I.  D.  type  316  stainless  steel  tubing.  The  short 
section  of  tubing  connecting  the  first  and  second  stage  was  brine  cooled. 

Cooling  and  Depressurization 

The  effluent  from  the  second  stage  of  the  reactor  was  cooled 
to  less  than  20“  C  before  depressurization  through  two  Grove  back-pressure 
regulators  which  were  mounted  in  series.  The  regulators  controlled  the 
reactor  pressure  by  balancing  nitrogen  pressure  on  the  upper  side  of  the 
Teflon  diaphragm  against  the  pressure  on  the  process  side.  As  the  process 
pressure  exceeded  the  nitrogen  balance  pressure,  the  diaphragm  opened, 
permitting  process  fluid  to  flow  through  an  outlet  nozzle.  Because  of  the 
build  up  of  a  small  amount  of  solid  by-products  on  the  outlet  nozzle,  sealing 
with  one  regulator  was  not  always  possible.  Adeqtiate  sealing  was  obtained 
with  the  addition  of  the  second  regulator. 
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N2F4  Desorption 

Since  both  reactor  effluents  (TVOPA  and  A-3)  readily  wet  316 
stainless  steel,  a  wetted  wail  column  (Fig.  6)  was  chosen  for  countercurrent 
desorption  of  the  dissolved  N2F4  in  the  depressurized  effluent.  The  liquid 
was  fed  through  the  anntilus  and  distributed  to  the  column  by  overflowing 
around  the  inner  perimeter.  Nitrogen  was  fed  to  the  bottom  of  the  cohunn 
at  1  liter  per  minute  to  dilute  and  sweep  out  the  desorbed  gas.  The  column 
temperature  was  about  40°  C,  which  was  the  temperature  of  the  thermostatted 
reaction  bay.  The  column  was  3  feet  by  7/8-inch  I.  D.  with  a  l/8-inch  annulus 
at  the  top  formed  by  welding  a  1  inch  length  of  a  larger,  outer  tube  which 
extended  1/2 -inch  above  the  column. 

Complete  desorption  of  the  N2F4  was  confirmed  by  the  absence 
of  its  characteristic  odor  in  the  effluent.  Since  there  was  concern  that  NF 
adducts  containing  absorbed  N2F4  woTild  deflagrate  upon  exposure  ro  air,  the 
product  was  air  sparged  (200  cc/xdn)  in  a  hold-up  vessel  before  collection 
in  an  adjacent  bay.  Because  of  the  possibility  of  transmittal  of  such  a  defla¬ 
gration,  personnel  were  not  allowed  to  enter  the  product  collection  bay  while 
the  air  sparging  operation  was  in  progress.  Entry  was  allowed  while  'he 
hold-up  vessel  was  temporarily  used  for  the  product  collection,  but  only 
after  the  air  was  purged  by  nitrogen. 

Liquid  seals  were  used  to  prevent  the  nitrogen  or  air  from 
flowing  through  the  desorber  drain  line  to  the  hold-up  vessel  or  air  flowing 
through  the  hold-up  vessel  drain  line  to  the  product  collection  bay.  Two 
translucent  polyethylene -U -tubes  were  installed  so  that  a  three-foot  head 
differential  was  necessary  for  gas  flow  through  the  liquid  lines.  Repeated 
observation  of  the  liquid  levels  confirmed  that  the  seals  were  effective; 
typical  liquid  head  differentials  were  in  a  range  of  0  to  12  inches. 
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Venting  of  Unreacted  N2F4 

The  imreacted  N2F4  was  vented  directly  to  the  atmosphere 
through  a  two  inch  aluminum  stack  at  a  50  foot  elevation.  The  nitrogen-N2F4 
stream  from  the  wetted  wail  column  was  diluted  to  about  30%  with  additional 
nitrogen,  and  upon  entry  to  the  stack,  this  mixture  was  further  diluted  with 
ai”  so  that  the  net  concentration  of  original  nitrogen-l^F4  mixture  was 
reduced  to  less  than  1%  upon  exhaustion  to  the  atmosphere. 

Materials  of  Construction 

All  pressurized  process  lines,  with  the  exception  of  the  N2F4 
feed  lines  to  the  suction  side  of  the  compressor,  all  valves,  and  ail  process 
vessels  were  constructed  of  type  316  stainless  steel.  Hoke  toggle  valves  with 
a  Teflon  tip  were  modified  for  remote  actuation  with  an  air  cylinder.  The 
N2F4  feed  manifold  was  constructed  of  1/ 4  inen  copper  tubing.  Where  possible, 
polyethylene  tubing,  either  black  or  clear,  was  used  for  remote  process  lines 
operated  at  atmospheric  pressiure. 
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APPENDIX  D 


Standard  Operating  Procedure 
for 

High  Pressure  Diguid  Phase  Flow  Reactor 


General 

The  Section  Safety  Regulations  are  considered  a  part  of  this  operating 
procedure  and  all  applicable  regulations  must  be  observed. 

Personal  Protective  Equipment 

1.  Safety  goggles  are  required  at  all  times  except  in  the  Bay  H 
control  area. 

2-  Safety  goggles  and  rubber  gloves  are  required  while  preparing 

solvent  and  olefin  and  while  adding  the  mixture  to  the  feed  tank  in  Bay  H. 

Equipment  Required 

See  Figures  2  and  4. 

Process  Description 

The  preparatics  of  the  product  involves  the  liquid  phase  reaction  of 
N2F4  dissolved  in  a  suitable  solvent  with  another  reactant.  The  reaction  is 
carried  out  in  a  jacketed  tubular  coil. 

Safety  Limits 

The  following  limits  must  be  observed,  except  for  gas  cylinders  and 
1/ 4-inch  copper  lines.  Solvent  used  for  dilution  should  not  be  considered 
explosive. 


1. 

Explosives  in  Reactor  Bay: 

1000  grams 

2. 

Explosives  in  Control  Room; 

zero 

3. 

Explosives  in  Product  Collection  Room.: 

10  pounds  (never  more  than 
one  day*  s  run) 

4. 

Explosives  in  Cylinder  Room: 

zero 

5. 

Explosive  charge  per  adduct  container: 

6  pounds 
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Safety  Considerations 

1.  Once  the  doer  to  the  reaction  area  has  been  closed,  never  open  it 
until  shutdown  procedure  (for  entry  into  the  reactor  bay)  is  followed. 

The  door  to  the  reaction  area  is  not  considered  closed  until  the  3g»‘en 
latches  are  secured. 

2.  Keep  the  door  to  the  N2^4  cylinder  storage  bays  closed  except  when  it 
is  necessary  to  take  readings  or  move  cylinders. 

3.  Handling  of  Product: 

a.  i.  Always  carry  product  samples  in  a  rubber  boot. 

ii.  Two-gailon  polyethylene  containers  with  handies  raay  be 
hand  carried. 

iii.  Ten-gram  samples  are  to  be  hand  carried  with  the  port 
directed  away  from  the  body. 

b.  No  more  than  six  pounds  of  product  will  be  added  to  any  single 
storage  container. 

c.  Never  transport  the  product  or  samples  in  the  east  cerrider  of 
Bldg.  7555. 

d.  Open  a  product  bottle  which  contains  35%  or  more  conesntratea 
adduct  remotely  if  it  has  been  stored  longer  than  eight  houy*». 

4.  The  west  door  to  the  Bay  K  control  area  should  be  closed  at  all  times. 

5.  Vlhiia  handling  solvent,  etc.  (in  Say  H),  be  stire  the  exhaust  fan  is  on. 

Hazardous  Properties:  ci  Chemical  Compounds 

1.  is  considered  laghiy  toxic  arid  css,  even  at  lew  concentration, 
prodix:e  systenxlc  injury  ii  repeatedly  ;ahaled,  NEVER  WCSK  OR 
REh4-\iN  IN  AREA  ftTiERE  THERE  IS  .^NY  PERCEPTIBES 
ODOR  OF  HjF..  Personnel  exposure  mast  be  lixnited  to  N2F4  stored 
at  less  than  130  psig  in  cylinders  rated  at  greater  than  2C»00  psig 
rupture  pressure  because  of  explosion  hazard.  Exceptions  may  be 
made  by  the  supervisor. 

2.  Mixtures  of  r>jF4  and  air  sometimes  will  initiate  decomposition  01  the 
prodee  aixl  the  cecompesition  products  racy  increase  the  pre-duct 
sensirivjiy  to  air.  For  thi^  reason  it  is  very  important  to  leak  test  the 
flow  reader  system  before  each  rui:. 

3.  Treat  N2F4  as  if  it  'i-erc  oxygen,  that  is,  use  oxygen  fiStingE,  valves, 
gages  and  regulators.  NEVES  .4.LLOW  NjF,  TO  COME  IN  CONT.4CT 
WXTH  GP.E.4.5E  OR  SIMIiAH  HYDROCARBONS.  SOME  EXCEPTIONS 
WIDE  3E  MADS  WITH  XEL-F  GRS.ASES,  BUT  ONEY  AT  THE  DiREG- 
TION  OF  THE  SUPERVISOR.  All  process  equipnsent  mast  be  degreated 
for  oxygen  usage. 
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4.  No  personnel  should  be  in  Bays  E  and  F  when  N2F4  is  introduced  into 
the  reactor  feed  lines.  Before  opening  an  N2F4  cylinder,  be  sure  that 
the  upstream  remole  vaK*e  to  the  system  is  closed. 

5.  The  product  is  sensitive  to  shock  and  impact.  For  this  reason  it 
shculd  be  ?iandled  carefully.  All  bottles  and  vials  containing  this 
material  r~inst  be  clearly  labeled  as  explosives. 

6.  Ingestion,  inhalation,  and  contact  of  &e  product  with  the  skin  should 
be  carefully  avoided. 

A.  Preliminary  Systems  Check  Out 

1.  All  operating  personnel  should  have  completed  at  least  two  simulated 
emergency  shutdowns. 

2.  If  reactors  are  below  80“  C,  tarn  on  heated  water  to  both  reactor 
stages  and  set  water  heater  to  186®F  (at  80*  C  set  reactor  temperature 
to  that  designated). 

3.  Check  brine  cooling  system  and  turn  on  circulating  pump. 

4.  Turn  on  air  to  the  panel  board  and  set  regulator  for  iii3trum-?:at  air 
coatroUerc  at  60  psig. 

5.  Set  instrvunent  air  at  20  psig. 

6.  Close  both  back  pressure  valves  on  the  panel  board  and  feed  to 
compressor,  work-up  vessel,  wetted  wall  column,  and  dilution. 

7.  Turn  on  electricity  to  pamei  board. 

8.  Turn  on  lights  in  reaction  area. 

9.  Turn  on  reaction  area  heater  and  set  temperature  at  40-42“  C. 

!G.  Turn  on  hot  water  to  the  Stage  II  compressor  head  and  use  hot  water 

as  necessary  to  maintain  40-50*  C  head  temperature. 

i  i .  Turn  on  tap  water  to  product  cooling  section, 

12,  Turn  on  all  three  nitrogen  cylinders  and  replace  if  pressures  are  as 

follows:  (vent  air  by  filling  and  breaking  at  cylinder) 

a.  Back  Pressure  2^:  below  600  psig 

Emergency  N^:  below  1000  psig 

c.  Sparge  K^:  below  1000  psig 

d.  N2F4  feed  cylinder:  as  specified,  and  record  analysis  in 

log  book 
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Do  not  replace  any  cylinder  in  the  middle  of  a  run;  exceptions  may 
be  made  by  the  supervisor. 

Keep  a  cylinder  log  book  for  the  cylinders  showing: 

(This  is  in  addition  to  inventory  reqxiirements. ) 

a.  Date  installed;  Initial  Pressure;  Analysis 

b.  Batch  Numbers  Used  for 

c.  Date  Re  moved;  Final  Pressure 
Turn  oa  the  exhaust  &ns  in  Bay  F  and  Bay  N. 

Be  sure  glove  for  shutting  down  rteam  valves  is  **mounted''  on  panel 
board. 

Close  the  drain  valve  on  tiie  vent  trap. 

Start-up 

1.  If  for  some  reason  the  liquid  level  is  below  the  drain  valve  in  the  Lapp 
pump,  charge  100  ml  of  the  chosen  solvent  (without  olefin)  and  pump 
(full  stroke)  until  the  liquid  level  is  just  above  the  stopcock  in  the  feed 
flask.  Be  stire  the  clear  poiyilcT  line  connectiag  the  filter  to  the  liquid 
pump  is  filled  with  liquid. 

2.  Turn  on  sparge  N2  cylinder  and  set  pressxire  regulator  at  30  psig. 

3.  Close  the  valv*is  to  the  wetted  wall  column  and  do  iu>t  open  until  item 
No.  26. 

4.  If  no  overmght  leak  check  ba  5  been  applied:  (no  pressure  drop  should 
be  allowed  for  1 5  minute  check  or  for  overnight) 

a.  Leak  check  at  30  psig  fov  15  minutes  and  include: 

(1)  lines  to  main  valve  sparge  cylinder 

(2)  lines  to  main  vaiva  N2F4  cylinder 

(3)  lines  to  mixing  tee  above  compressor;  do  not  tarn  oa 
compressor  to  fill  system 

(4)  sparge  N2  system. 

After  venting  the  high  pressure  gvge  oa  the  cylinder,  observe 
the  pressure  recorder  as  v,eil  as  the  two  discharge  gages  on  the 
compressor. 

b.  At  the  same  time  leak  check  the  reactor  system  at  the  desired 
operating  pressure  to; 

(1)  mixing  tee 

(2}  both  the  let-dcrwn  vessal  and  the  Grove  valve,  but  not  the 
colimm 


13. 

14. 

15. 

16. 

17. 
B. 
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c.  At  the  same  time  leak  check  both  N2F4  feed  manifolds  to  100  psig 
with  N2  or  N2F4  pressure  if  above  1 5  psig;  included  are  the  remote 
N2F4  feed  valve,  vents,  main  cylinder  valves,  and  No.  2  remote 
discharge  valve.  No  pressure  drop  should  be  allowed  even  on  an 
overnight  check. 

d.  Vent  the  reactor  system. 

If  air  has  been  introduced  to  either  the  compressor  or  reactor  systems, 
vent  the  reactor  and  compressor  system  and: 

a.  At  fxiU  stage  i  stroke,  pump  through  the  reactor  system  by 
filling  at  standard  suction  pressture  and  evacuating  to  1-2  psig 
vacuum  five  times.  AH  drain  valves  should  be  opened  and  a 
coilectioa  vessel  should  be  imder  the  work  up  vessel  drain. 

b.  Dispose  of  any  liquid  in  explosive  scrap  and  close  drain  valves. 
Open  the  manifold  valve  on  the  panel  board. 

Turn  on  the  N2  to  the  column  at  1.  0  f/min.  {if  different  setting  is  used, 
record). 

Turn  on  the  N2  to  the  dilution  at  2.  5  i/ min.  (if  different  setting  is  used, 
record). 

Turn  on  air  to  the  work-up  vessel  at  0.  2  f/min.  (if  difierent  setting  is 
used,  record). 

Turn  on  air  to  aluminiim  stack  on  the  roof. 

Be  sure  the  door  to  the  reaction  area  is  closed  and  the  red  warning 
lights  are  on. 

Adjust  the  pneumatic  control  valve. 

Adjust  both  reactor  stage  temperatures  as  designated.  While 
adjusting  proceed  to  items  13-26. 

Measure  out  the  specified  solvent  and  also  measure  out  the  specified 
quantity  of  olefin.  Record  the  volumes  on  the  batch  card  and  measxare 
the  tot?l  volume  before  charging.  Be  sure  these  ingredients  are 
completely  mixed. 

Sst  the  solvent  pump  and  charge  the  designated  solvent -olefin  mixture 
tc  the  solvent  feed  tank. 

Close  the  I'^F4  feed  valve  and  open  the  main  N2F4  cylinder  valve. 

Adjust  the  halogen  regulator  tc<  below  16  psig  suction  pressure. 

Being  sure  iLc  »»’?xogcn  feed  valve  is  closed,  open  the  N2F4  feed  valve 
to  the  mcmifald. 

Reset  the  halogen  pressure  regulator  to  the  designated  suction  pressure. 
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19.  Record  null  and  ftill  stroke  compressor  readings. 

20.  Apply  pressure  to  the  dome  of  the  Grove  valve. 

21.  I£  necessary,  apply  back-pressure  to  the  system  and  close  the  back 
pressure  valve. 

22.  3e  sure  collection  jug  is  under  work-up  vessel  outlet.  Never  remove 
jug  without  placing  another  1000  cc  collection  vessel  at  the  outlet. 

23.  Turn  on  the  compressor  adjusting  the  set  point  controller  to  the 
desired  N2F4  feed  rate. 

24.  »Vhen  the  downstream  pressure  r.. aches  the  back  pressure,  open  the 
mijdng  tee  valve. 

25.  1£  the  compressor  system  did  not  contain  N2i''4,  run  for  three  minutes 
before  going  to  item  26. 

26.  Turn  on  the  solvent  pump  and  start  timer. 

27.  Open  the  column  valves. 

28.  Wait  20  minutes  and  open  the  work-up  vessel  drain  valve. 

C.  Operation 

1.  If  it  is  necessary  to  go  into  the  product  collection  bay: 

a.  Close  valve  to  work-up  vessel. 

b.  Turn  off  air. 

c.  Turn  on  N2  to  work-up  vessel  at  0.  5  J/ min.  ,  and  after  five 
minutes  go  to  d. 

d.  Enter  product  collection  bay  for  a  maximum  period  of  15  minutes. 

e.  After  leaving  product  collection  bay  tch  to  air  flush  at  0.  2  1/ min. 

f.  Open  work-up  vessel  drain  valve  ana  coi.vl»ae  collection. 

2.  Periodically  check  the  N2F4  feed  rate  indicated  by  the  D/  P  cel.  This 
can  be  done  by  isolating  the  feed  cylinder  from  the  2200  cc  calibrated 
bomb  as  follows: 

a.  Measure  the  pressure  drop  over  a  four  minute  interval. 

b.  Find  the  feed  rate  from  the  graph.  Figure  7. 

Adjust  the  E/P  cell  setting  as  required  to  maintain  the  designated 
N2F4  feed  rate. 

3.  Record  the  items  liste  d  on  the  batch  card  at  least  every  45  minutes. 

4.  Observe  the  solvent  rotameter,  and  if  the  flow  should  stop,  shut  down 
by  the  emergency  shut  down  procedure. 
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5.  K  the  polyethylene  legs  on  the  column  and  work-up  vessel  do  not 

run  full,  notify  supervisor,  do  not  shut  down,  and  do  not  enter  Bay  N. 

6.  If  a  new  N2F4  feed  cylinder  is  to  be  tiurned  on  diiring  a  run,  do  the 
following  in  the  order  listed,  if  trouble  occurs  (such  as  a  stuck  valve), 
go  backwards  from  the  step  you  are  on  to  continue  feeding  from  the 
near  empty  cylinder.  If  the  problem  is  not  readily  solvable,  shut  the 
reactor  down  by  the  shut-down  procedure  and  notify  the  supervisor. 

a.  Close  the  remote  N2F4  feed  valve. 

b.  Record  the  pressure  and  close  the  main  cylinder  valve  on  the 
nearly  empty  cylinder. 

c.  Open  the  main  cylinder  valve  on  the  fell  cylinder. 

d.  Record  the  cylinder  pressure. 

e.  Set  the  manual  valves  to  feed  through  the  remote  1^F4  feed  valve. 

f.  Being  sure  there  are  no  personnel  in  Bays  E  or  F,  remotely 
open  the  I^F4  feed  valve. 

7.  Be  sxxre  the  clear  polyDow  tube  between  the  filter  and  the  liquid  pump 
is  filled  with  liquid. 

D.  Shutdown  Procedure 

1.  With  the  solvent  pump  running,  quickly  collect  the  excess  solvent-olefin 
mixture  in  the  designated  receiver.  Drain  to  just  above  the  stopcock 
and  add  (exactly)  1800  ml  solvent  mixture  (use  1000  ml  for  overnight 
shutdown  where  same  adduct  is  to  be  made  the  next  day).  Record  time 
at  completion.  Wait  Z  minutes  and  then  proceed  to  item  2. 

2.  Close  the  N2F4  feed  valves  and  all  main  N2F4  cylinder  valves. 

3.  At  8  psig  suction  close  the  mixing  tee  valve  and  turn  off  compressor. 

4.  After  feeding  at  least  300  ml  solvent,  open  the  pump  to  full  stroke. 

5.  Turn  off  the  solvent  pump  when  the  liquid  level  in  the  glass  feed  tank 
is  about  3/ 4-in.  above  the  stopcock  and  close  the  column  feed  valve 
and  drain  valve  to  let  down  vessel. 

6.  Turn  off  the  N,*  to  the  dome  and  depressurize  by  venting  through  the 
pneumatic  valve  and  then  close  pneumatic  valve  and  repressurize. 

7.  If  this  is  an  overnight  shut  down,  apply  the  leak  check  as  in  the  start-up 
instructions.  Record  each  pressure  and  temperature  for  each  bay. 

8.  Be  sure  the  work-up  vessel  has  been  emptied  of  liquid.  Do  this  by 
increasing  the  1^  dilution  to  15  1/min.  for  at  least  3  minutes. 
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a.  if  bomb  iemperaiurt:  b 
cfiffercnf  thon  25*  C  muHipiy 
G  by  fodors  as  follows: 

temp.  foctor 


temp. 
30*  C 
25*C 

2(rc 

15*  C 


0.983 

1.000 

1.017 

L035 


b.  also  muliiply  G  Z  at 
averogc  gage  pressure  used 
for  mcasurmer^t 


6  10  14  18  22  26  30  34  38 

PRESSURE  DROP  ON  2524  ml  BOMB  AND  KWff'OLD 

(psi  /4  minutes} 

FIG.  7  NjF*  FEED  RATE  CALIBRATION  GRAPH 
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If  shut  down  is  for  entry  into  the  reaction  bay,  very  slowly  over  a 
period  of  at  least  15  minutes  vent  the  reactor  by  opening  the  Grove 
valve  and  the  column  valves  and  the  drain  valve  on  the  work-up 
vessel.  Clean  the  N2F4  feed  lines  by  the  following  technique  (be  sure 
there  is  a  collection  vessel  under  the  work-up  vessel): 

a.  Open  the  N2  feed  valve  to  pressurize  the  compressor  system 
and  turn  on  the  compressor. 

b.  After  about  15  seconds,  close  the  feed  valve  and  open  the 
mixing  tee  valve. 

c.  When  the  suction  pressure  reaches  1-2  psig  repeat  a  and  b 

five  times  and  then  pressurize  the  suction  lines  to  at  least  5  psig. 

d.  Close  mixing  tee  valve  and  shut  off  compressor. 

After  the  solvent  is  collected,  turn  off  the  following: 

a.  Bay  lights  and  warning  lights  if  the  reactor  bay  can  be  entered. 

b.  All  main  N2F4  cylinder  valves. 

c.  Compressor, 

d.  Sparge  N2  cylinder. 

e.  Temperature  recorder. 

f.  i^ir  to  stack  and  work-up  vessel. 

Also: 

g.  Open  drain  valve  on  the  vent  trap. 

h.  Do  not  turn  off  room  heater  or  cooling  system  including  pump. 
Store  the  unused  solvent^olefin  mixture  and  label  as  follows* 

a.  Gross  weight. 

b.  Tare  weighu 

c.  Net  weight  (note  on  batch  card). 

d.  Nominal  concentration  of  each  component. 

e.  Date. 

f.  Batch  No. 

Emergency  Shut  Down  Procedure 

K  any  unusual  difficulty  occurs,  follow  this  procedure  immediately  in 
the  sequence  listed. 

Txim  off  1'^F4  feed  valve  to  compressor  and  close  mixing  tee  valve. 
Close  work  up  vessel  drain  valve. 
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Cool  stage  n  with  tap  water  to  the  stage  I  temperature.  While 
waiting,  turn  on  emergency  alarm.  Only  one  operator  is  to  remain 
in  Bay  H  to  complete  procedure  through  Item  i  0. 

Cool  stage  I  with  tap  water,  and  when  both  reactors  »re  less  than 
40“ C.  proceed. 

Turn  off  solvent  pump. 

Turn  on  N2  feed  to  compressor  and  open  mixing  tee  valve. 

Set  first  stage  compressor  stroke  control  to  15  psig. 

Turn  pneumatic  bleed  valve  to  15  psig  and  close  1^  valve  to  the  dome. 
Consult  supervisor.  (No  watch  is  necessary  after  completion  of  item  8. ) 

Changing  N2F4  Cylinder 

Isolate  manifold  where  cylinder  is  to  be  added. 

Close  all  main  N2F4  cylinder  valves  in  this  manifold. 

Pressurize  the  manifold  to  100  psig  with  N2  and  vent.  Bo  this  at 
least  five  times. 

Remove  the  N2F4  cylinder. 

Replace  with  a  new  cylinder. 

Fill  the  system  to  100  psig  with  N2  and  vent  five  times. 

Routine  Maintenance  (once  per  month  or  oftener  as  required) 

£^ch  item  should  be  tagged  with  the  date  and  service  received. 

Grease  bearings  on  compressor  motor. 

Check  gear  box  level  on  compressor  motor. 

Inspect  oil  in  each  compressor  stage  and,  if  necessary,  change. 

Inspect  oil  in  solvent  pump  and,  if  necessary,  change. 

Sparingly  grease  ail  air  cylinder  rods. 

Drain  air  filter  and,  if  necessary,  replace. 

Add  make  up  brine  to  the  cooling  system. 
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H.  Interchange  of  Product 

I.  If  the  next  batch  is  to  be  a  different  adduct,  follow  this  procedure 
after  following  the  procedure  for  entry  into  the  reactor  bay. 

2.  Set  the  reactor  coils  for  atmospheric  pressure  operation  and 
flush  the  brine  from  the  cooling  lines  with  air. 

3.  Heat  both  reactors  to  103*  C  with  steam. 

4.  Pump  1000  nol  of  water  through  the  unit  and  collect  in  the  product 
collection  bay. 

5.  Cool  the  reactors  to  less  than  30®  C. 

6.  Pump  500  cc  water. 

7.  Pump  500  cc  acetone. 

8.  Pump  1500  cc  methylene  chloride. 

9.  Dump  the  solvent  water  rtdxture  in  explosive  scrap. 

10.  The  unit  is  now  ready  to  run  on  a  different  adduct. 
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APPENDIX  E 

Exotherm  Characterization 


The  addition  of  N2F4  to  olefins  was  exothermic  by  about 
35  kcal/gm  mole  of  N2F4  added.  For  example,  i05  kcal  were  liberated  by 
the  addition  of  3  moles  of  N2F4  to  one  mole  of  TVOP.  Exotherm  control 
appeared  necessary  to  avoid  explosive  incidents.  Two  mathematical  models 
were  developed  to  characterize  the  reaction  exotherm  based  upon  laboratory 
kinetic  studies.  These  models  were: 

(1)  The  bulk  model  which  assiuned  a  slug  flow  profile  with 
concentrations  and  temperatures  varying  only  along  the  tubular  axis. 

(2)  The  two-dimensioixal  model  (2D)  which  included  radial 
diffusion  of  temperatxire  and  both  reactants  under  fully  developed  laminar  flow. 

The  maximum  temperature  limit  was  based  upon  differential 
thermal  analysis  of  TVOPA  thermal  decomposition.  Since  the  DTA  indicated 
that  TVOPA  began  to  decompose  at  above  150*C,  operating  conditions  were 
chosen  jever  to  exceed  a  140®  C  reactant  temperature.  The  operating  bath 
temperature  was  set  at  10®  C  below  the  temperature  where  the  exotherm  caused 
a  140®  C  reactant  temperature.  This  criterion  provided  an  adequate  safety 
factor  to  allow  for  expected  process  deviations  such  as  ±  2®C  variation  in 
bath  tempe-^atures .  ±  3.5%  variation  in  N2F4  feed  rate,  and  ±1%  variation  in 
the  solvent  olefin  feed  rate. 

Computer  studies  based  on  the  mathematical  models  indicated 
that  current  operating  conditions  were  about  optimum  for  the  temperature 
requirements  outlined  above.  Three  commerciaUy  available  tube  diameters  - 
0.  118  inch  I.  D. ,  0. 180  inch  I,  D.  and  0.  305  inch  I.  D.  -  were  compared.  Lower 
bath  temperatures  were  required  with  increased  tube  diameters  because  of  the 
decreased  heat  transfer  surface  to  volume  ratio.  Consequently,  the  quantity 
in  process  was  found  to  decrease  with  decreasing  tube  diameter.  Since  the 
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0.  118  I.  D.  was  easily  plugged  during  TVOPA  synthesis,  the  0  180  inch  I.  D. 
was  selected  for  the  tubular  reactor. 

A  minimum  TVOP  conversion  of  95%  u’as  chosen  to  minimize 
purification  requirements.  Excess  N2F4  was  required  to  obtain  reasonable 
coil  lengths  at  this  conversion.  Since  the  expected  gas  and  liquid  feed  rate 
variations  could  vary  the  N2F4  concentration  by  ±  5%,  a  10%  excess  appeared 
to  be  an  acceptable  compromise  of  reactor  length  and  N2F4  usage.  Further 
increases  were  not  justified  because  of  the  high  cost  of  N2F4  compared  to  the 
savings  in  reactor  length.  For  example,  only  a  12%  reduction  in  reactor 
length  was  calculated  for  30%  excess  N2F4. 

The  N2F4  concentration  of  C  1.34  grams  N2F4/CC  solvent  was 
found  to  mimmize  reactor  length  for  a  reactor  with  two  to  five  stages.  About 
40%  reduction  in  total  coil  length  was  calculated  for  a  three  stage  reactor 
compared  to  a  two  stage  reactor.  However,  the  reduction  depended  upon 
operation  of  the  last  stage  at  125®C,  and  the  effect  of  a  125®C  bath  temperature 
on  TVOPA  product  quality  has  not  teen  determined. 

Results  from  both  the  2D  model  and  the  bulk  model  were 
considered  in  selecting  the  open- ting  conditions  for  the  pilot  plant  reactor. 

The  centerline  temperature  from  the  2D  model  was  used  and  compared  with 
the  bulk  temperature  from  the  bulk  model.  The  maximum  permissible  first 
stage  bath  temperature  obtained  from  the  bulk  model  was  85®  C,  or  about  5®C 
below  the  90®  C  obtained  from  the  2D  model.  Both  models  invilcaled  a  runaway 
reaction  at  12®  C  above  their  respective  bath  temperatures.  For  other  stages 
where  at  least  30%  of  the  TVOP  was  already  converted,  there  was  not  a  signi¬ 
ficant  difference  between  the  maximum  permissible  bath  temperatures 
calculated  from  the  two  models.  Because  the  limit  was  on  the  centerline 
temperature  with  the  2D  model,  its  average  (bulk)  temperature  was  less  than 
that  for  the  bulk  model.  Consequently,  the  2D  model  required  a  longer  reactor 
tube  for  equivalent  conversion.  No  attempt  was  made  to  determine  the  validity 
of  either  model  and  reaction  conditions  were  selected  conservatively.  Bath 
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temperaturcs  v/cre  based  on  the  btilk  n^odel  and  reactor  length  was  chosen 
from  the  2D  model.  A  comparison  of  the  exotherm  and  conversion  predictions 
is  shown  in  Fig-  ?•- 

The  interstage  addition  of  TVOP  was  investigated  as  a  technique 
02  reducing  rcactcr  length  for  a  three  stage  reactor.  The  N2F4  was  added  to 
the  solvent  containing  Some  TVOP,  and  additional  TVOP  was  added  to  the  second 
s  age  to  limit  the  excess  NjF^  to  10%.  Computer  results  for  these  conditions 
shov’ed  a  reduction  of  about  1C%  in  the  total  tube  length  at  a  final  stage  temper¬ 
ature  of  125*  C.  This  small  decrease  was  not  sufficient  to  justify  the  addition 
of  a  second  liquid  pomp  for  the  TVOP. 
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Listing  of  FORTRAN  Programs  for  Mathematical  Models 


The  FORTRAN  listings  of  the  computer  programs  csed  in 
making  the  calculations  disciissed  in  this  report  are  provided  cn  the  follo«ing 
pages,  along  -arith  printouts  of  a  typical  problem.  Preceding  the  FORTRAN 
istings  is  an  explanation  of  the  input  data  required  by  the  program.  The 
format  used  to  read  the  input  data  can  be  obtained  from  the  FORTRAN  listings. 

2D  Flow  Model  Computer  Program 


Input  Data  for  2D  Flow  Model  Comnutar  Program 


Syr^bol 


U&itf  £or 

0.  U*x.D,  Tx^t 


i.  ZD  pnsft  9;3  «ls  yartg 


cf  radial  lacrcs^sta 

sss^r  d  DEUC  saerrr^zat*  pnsS9c2 


fer  CAPS  al  O.  100 


d^rraAl  ccedarpr^ST  7«sA<txs^ 

cocfTscscs:  of  •pvc»«9  M 

di*  •.'$700  <c«££;<.«  t  of  cprcte*  N 

ceauTAs.:  is  ttxcxsgs  rate  e:^ros*9oa 
coestxst  sa  rrAstsoo  7a:«  ^xpr«9«50o 


BTU^-ft-T 


0.  c<  »i*er'4ra  sooi« 

0  Jt?»  ♦  S  •R 


cgajSBTt  to  csfs^xTi  so  •abtoh^'T  t<«gyer*r«ro  (TAR  *  44^ 
«3p99css  for  cc^.  CN  U:  rcAttsoo  r^to  CJLpc<r»ro 
cxpoocss  tor  cott.  CM  la  rectus  rate  o<je>rM»ce 
tcts^T^tsrr  cf  sol’-fwris  «storss^  rrArtcr 
>pat»l  sacrerarsts  ss  d:7«<tsoa 


e.ojZ5 

o.oioe 


to^  CAP.^  of  0. 19» 
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rort?*ifc 

Uc:i:s  far 

SyjftSri 

0. 

SS^XsO.  TebSr^ 

H 

pgt  s 

a^Sfr»2  sas.-gssgaa^  is  rs.^!  ^rertics 

3.03073 

1 

i 

ft.  } 

5K 

rxdisA  *:£  taibc 

3.0975 

XUX 

ia  r««csor  (ta  c«e=^} 

Cl.  1 

KO 

Vra:  ir&Asf*?  -oc^&cicas  (£s&««a22  aa 

203 

3TO/te-ft*-*r  ; 

P?.t^ 

*9s6£«a  r*^cg*i;onqr.  ggaV-* 

1 

■ 

Y 

TY.''?  f«-5  rat* 

!CO 

i 

1 

f=t«.  TYxS»Ar. 

CON- 

f7a<£es  TVOP  c9eT*rt<4  oe  tsyaa 

t;/ico 

CAPS 

K*r^  <Asrcs::r3:&«s  a:  0^  TVOP  cocrermtoe 

{=1*.  NjF^/cc  aolrcgg 

TiHo  »:  0'S  TVO?  caai«.'<ete 


aolc* 

cats*  TTfO?A 


H*zt3!!s  £r«  esriraaisj 
tcsxsiszsa  test  sarist 
<'-Ttiar«  w  errirae: 

K— >«zatsr«  sa  tssed  scr 
ditSiAS*  tD  j  ^ariroes&e 
atayrrugr*  ai  tsa*^ro 


tesssrassr^  yr<-^ 
agss  Mss^ranffe  peias 
=S  tes=j«i»I=:'*  pots 

ttssfensoT*  paias 


ia)  C23»««s  »  *a3ii{j  iu^saBn  as  eer:::3>^  la  states  b  Kus  Cceapssv.  Sepert  K».  S-Sf. 
Kaacar  Mfstcls  s  Pracasc  Saailti— Casatea  3.  i3i4. 


slioo  si  ns» 
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FORTRAN  Listing 
2D  Model  of  Flow  Reactor 


ei/9T/6S 

rnTTai"rot«cii  -  souse?  srmpttsr  -  rrn?»t 


C  tx»(xr«  «CC^l«  IICCUIC  »«aS£  ft£ACICa  >o». 

c - exe«a  new  ft?xe;ca.  7w>>ci»txsic&u  pceti*  it 

C  dCH  ¥XUO(£»Ot«  too*  ixs  K^s  CO*»Aarr 

CT^fXSICW  TtlS01«T2l501*CTltSa)*C72:50].OClt5C)*C«nS3S.OS<SCI» 
te»2CS0l.»I10Ol*lSCiecl.9T2SCl«lAC50>.CCSCt.C£tCt5O)>C2iS0>» 

- TCTTOnesmsrCTnssi  *021^5?  •ec2isn.cn:5»i.ca?fw.c33i53T. — 

3e/):i01«C*^t53l*CC«CS31«C^«l5dl 
IS  is?14>«.7f 

11  fcv^xt  14:51  _ 

12  C«4K1  7v>CIr2KStC»l  fOCSL  LiasSC  »«^S?  f\C»  VXCTtA* 

ins&kx!^  271 

— KMi.it  - 

14  fOL«i;  C24H  eefoAix&45  lA'Stxsee.sro^; 

24  <C3W  *  T4  2I*5  •  £1««7«14X  CtSTl.^  •$S4«7*3eH  anrtXC»l>i 

iS!hT  nwnxAt}^  <124.71 

27  roe«Ar  i2w  rt^xAvsis^  rcetesc*  ttet**  S24.n 
1*  I3t2x?2«<.7l2 

— IV  cg>ciaTwrgtS"P5uotf>  - 

23  fCa^AT  U5«  C*  Cei<?«n47«G«S  fOuev«.  ce2;;3ji  •  ?»4.?5 

71  f^xT  ts^  r>  eoBircTSiTjots -fCLeoi.  c»s«.c  •  is^.n 

22  701^47  ISM  c<ei4.9.s?<  se»*ci%.T»M  e5T» 

5r»»n^.77 

23  Ksu^ir  C$>*  ^ei4,t.*s:  ^S14.7«S7c  fM«e34.T«SH 

- m^m^s - w»?rrrn~— - -  - 

24  ftSt3Xt  *9*  CTO<?t4.7«CH  OcMU.7«t*<  e^> 

2CI4.T.SC  T2^H4,»3 

25  533^43  tvi  cce«?14.7««»  C€U<eS4*3*£!<  W 

2«24.7,e<  “  «o«?24.-n  ^ 

24  VC:.*?24.7,tH  T«?14.7«2»  C9s<$l4.7,£i«  C47«»€ 

— i24rr?33i - ew?T5rTi - - 

z:  PZS^XI  C22«  J*25«4M  ti^«7«X5«2M  9»C«15»4*  S234»:51 

23  fCi^xr  t2SR  XT  XSZVkS  tS  VUX551 

23  5C^>2X  t2tI4.71 
33  •?9£  I5»2if  J»:^««C»:ST5 

■3X —  »?a£  *TC74.x.g,i*y;3A,s3;Tig^scL»>m.<«^rrgi,>c*7gC4.y 

;fiJC«42 

32  aC4e  CS.Ul  lz:illcI5Ctl?i*«»J} 

9i;CT»;.  •  t473/1.25  •  lT3-»C47*X»l34.'»e.^5%S«".31 
e  ^  x  t  (cs747<  :&4.«v»Jz.&i  I 

’  *  cv>ir?=’Xcn’jrjOTrn«nc^wi54.377«25 
CTO*  »Ce:»*CTC»7 1  l.-CCU 

<fl«?3*53lM5/T34.C7»2;*T4ff  5.-<Oi2/cr9J*i2-/tX»*3«I2 

53  C7a;  •  CTO  /  II.  -  cou 

C3ST2»OIV:i*  -  3-*CCX#S«e«l 
t1«?3.1*C«T2 

SI - rrx^sy^zxzivr  —  — - - 

v3*i.o-#i-yr 

53  e?»»  1104.c«CV*T24X7C.0*Ct3T42.55*TSI  •42*4 
54  CCxJ'vxfZTtCO^C/SC'^ 

5«  X7*c.««45«r; 

54  14^2.3025*75 

“5T - g3:*i»4»i‘^ry*5?^trir  ■*"  ■  - - - 

54  T2*CVt?271X 


s 

3 

to 

u _ 

13 

14 

15 
14 
17 

Tt  — 
19 
70 
21 

22  ’ 
n 

■24*  — 

25 

24 

2» 


22 

2^ 

-5^ - 

Vi 

32 

33 

54  ,1 

-35  — 

34  ,7 

3T  »iO 

34  •*: 

r»  •iv 

40  ,17 

41  ,11 

O  ,14 

43  >20 

44  *22 

45  ,22 

44  ,23 

47  ~  - 

44  ,25 

^  *2* 

30  ,2r 

51  *24 

5?  •2“ 

-ST - rtr 

54  *>1 


CC^^FIDEKflAi 


txitzxix.  ratKn^x  scs^^a 


SOUtCC  StAT&«£XT 


07/07/65 

FC2JIU.A  »Uf«SfttS7 


/ 


V 


40  Ti^Xj/lX 
s:  T«<z«/u 

42  C<v1*9.294T2*0.44«0.213*t340.2]<*t« 

33  WtllE  (4,121 

34  Mill  14.131  2«C3 

35  v»lT2-tft.723  C.FK.Cta.Cri.Cfa 

34  MIIE  (4.231  4.S.T1X..U.*3 

37  Mill  14.241  SCtM.CIO.ClC.CFC.TlO 
tl0«1.3  •lie  •  32. 

35  >Attt  14.231  C{LX.CflJI.XX.2JU.i« 

34  nailf  t4.241T{(..T.CC(.CJ»t.3MlA 

*9  WITS  (4:271  2.1SE7T.XX.1STS 

41  WHS  (4.231 

42  WITS  (4.231  IXX(tl.TS((l.l«l.JI 

c  ccB-isai  14  TG  oseasss  r 
so  loss  !*1.J 

100-3  t4(ll«1.3  •14(11  *  32. 


70  C£l.l»^(.»2»£l 

71  ticxi.t«K^l 

72  4*t£1.*U^Z3«tSI 

73  *»S.C 

74  CO  *4  <«l.liail 

-74  CTtimCTS - - - 

77  CSl(ti«C>C 

74  s».iiii»c»e 

51  tl(ll*I!0 

33  01(13>Seu/(2.S4TSl.4(!.-«/««a«/xail 

*4  Z.4.;SL» 

-treayrns; - 

44  ICxl^tSll 
»7  lt»T-4*f«yS£Xrt 
44  IFtMTtU'CfXl  33,41,31 
M  tC-SI* 

■»  SO  ?C  32 

■fCCfrtirxx - - 

«  ;4»2F-5fll  33.34.34 

33  If-SFT 

34  CCKllSS! 

35 
34 


33  C3«*F*22-9 
33  lFtttai-CS*21  lCil.ie2cl« 
ICO  £a*i3<£al 

io»  es  TO  133 

IC2  Ccm'£C32 

ICO  sp«t;»4.2 - 

•64  CCI34.TS1  •<X23«^CS»3 

IS5  l»s.ie».!9« 

:S4  w:u  14.141 

lef  ie-  »o 

IS*  coi::>t;:s 

■34?  J"9-e - 

111  1I»S.0 


.103 

•iOi 

.1*3  ,184 


CQHFWmUd, 
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KXth  Sf/pf/tS 

txTFr^u  Fot*aii  v«F«  -  solwes  stiiSFwr  -  i!>rEs.vxa. 


-izj-jtj - 

ii<  .o-cn.»/u«sa«yM/i».oi •s{is/2.c<£cia 

Its 

11»  so  IIS  X‘2.x< 

117  »<ili*«.0»*fi.<ll.0-«yu»*/a;ii«*>cct.* 

— llS-5ifZ*5n3 —  -  -  -  . 

119  u)ilhiii>«2.C*«si«il.c-fU-cfLay«.oi**2.o/*a>9aiMaA-CIi.*/9.oi« 

1C£1* 

120  Tlllkllll-TSIll 

121  CJl‘i.e*rtl2SfLX 

122  C£il«4.S/S£L*y£SLit/CA 

123  Cil*it«5r»cni -  “  ■  —  ~  ~  ■ 

i2«  ci2>:.-CAi 

12S  Cl}«Cct.H/C/C« 

12«  CCl«0;if£-il 
127  C£2»1.-CC1 

12*  cc}>i.a/c^ 

irr  tn*c7T.ci« - —  -  — -  '  '  - 

IM  t£2*l.-CSl 
131  £fl*1.92}.C7Ci 
IJ2  >*»ut 
133  CO  1«.9  K«2.SX 

139  cs*2.e'T£L/:(4.z«i:.-«2a***2Mi 

—•33  Tsii*  1 1  :s/^n.s7C£t*»e;3/z2sgu»rrc3 . .  . 

13»  C3}l9l«zi»^z«lall 
137  C31tCI«C7B«CSil 
13*  c*u*i»c#i*ca!t 

lit  Ce22*!:.07C££t/££t*-S-5/»25ei*l/CS 
l*S  £a2ici*it»«»»cs22 

n%;  cc2tx3*c?s»rs22  —  ■  *  ~ 

1*2  C22«l«S*t»£S32 

193  Ca3l«»«C»-2.e*2i.*>13/«l»-'S5U7/CS 
19*  CS3ftl»JC&-2.4»y««f!.*/C5tai/Ca 
i*s  cr}t*.s«*C5-2.s»5fT/s£M/j«.si/ca 
1*4 

1*7  c&»i«i«r.5.*w 
!**  C**IZ}V«*«*}73.3 
1*9 

i  lsa.t7  3t  >Ul«  €«Cst*7J?»  ICC» 

3i0  CCarTlssi 

35:  IS2.3S5.3CS 

3C2  2«J«:  V 

303  XJMS7S»i»l»-?S«2!J/|z«J*l>-SH.sJ} 

30*  W  75  555 

305  7£«!SI2«»-s?»"  *»1>-11 

S«  CO  353  »*J.SS 

501  SIS>— S-3/Cfll*3»7*ai)*t»;s»3*«x««CIlS£l.-5s 
552  o«o»t:*;H«3*3i«n 
503  C2«»>-<.<!U|»««.5«1 
55*  ;»:52««lljss5. 554.5** 

=05  02l<I-O.c: 

SS*  0€ie»5S»-^tl«3 

507  5-1*3=04*04*17*7113 _ _  ^ 
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Sample  Problem 
2D  Model  of  Flow  Reactor 


Summary  of  Output  Data  Not  Included  with  Input  Data 


Time 

period  in  reactor,  hrs. 

Distance 

position  in  reactor,  ft. 

Environment 

temperature 

bath  temperature.  'C 

T 

bulk 

averaged  reactant  temperature,  ®C 

Centerline  temperature,  *0 

Conversion  =  moles  TVOPA/  moles  TVOP  input 

CTO 

moles  TVOP/  liter  solution  (input) 

CNO 

moles  liter  solution  (input) 

CPO 

moles  TVOPA/  liter  solution  (input) 

VEL 

reactant  velocity,  it/  hr 
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0.31899646  03 
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0.14399636  03 
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Bulk  Flow  Model  Compater  Program 


Input  Data  for  Bulk  Flow  Model  Computer  Program 
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APPENDIX  G 


PeacHoK  Kinetics 


A  series  of  batch  reactor  runs^'*  was  made  to  obtain 
kinetic  data  on  the  synthesis  of  TVOPA  and  A -3.  l  or  both  reactions  the 
data  were  successfully  correlated  on  the  assumption  of  a  seco  .u  order 
reaction  mechanism.  The  Arrhenius  plots  based  upon  this  correlation 
are  shown  in  Fig.  8. 


*Rehm  &  Hauls  Company.  Quarterly  Progress  Report  on  Chemical  and 
Propellant  Processing,  No.  P-64-3,  Fetvruary  15  1965. 

^ibid.  No.  P-64-17,  August  15,  1964. 
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ARRHENIUS  PLOT  FOR  A-3  AND  TVOPA  LIQUID  PHASE 


APPENDIX  H 
N2F4  Solubility 

A  series  of  N2F4  solubility  determinations  '.was  made  by  the 
Physical  Chemistry  Group,  and  the  results  are  shown  in  Table  V.  The  solu¬ 
bility  of  N2F4  in  Freon  TF  and  mixed  solvent  at  temperatvires  from  40-100“ C 
and  a  total  pressure  of  300  psia  is  shown  in  Fig.  9.  Minimum  reactor  pressur« 
was  selected  from  these  values  to  avoid  partial  gassing  in  the  first  stage  of  the 
reactor.  For  example,  the  minimum  pressure  for  A-3  synthesis  was  415  psia 
for  the  0.204  grams  N^T^cc  solvent  input  since  the  N2F4  solubility  in  mixed 
solvent  was  found  to  be  0.  213  at  100"  C. 

Table  V 


N2F4 

Solubility  in 

Various  Solvents 

Pressure 

Solubilit 

Solvent 

Temp.  "C 

{psi  abs. ) 

gm  N2F4/ cc 

Freon  TF 

40 

50 

.036 

40 

100 

.139 

40 

150 

.200 

40 

200 

.377 

40 

300 

.869 

60 

50 

.005 

60 

100 

.073 

60 

200 

.213 

60 

300 

.463 

80 

300 

.215 

ChClj 

40 

300 

.274 

60 

300 

.  162 

80 

300 

.  102 

Freon  TFzCHCla, 

40 

300 

.724 

4:1  by  vol. 

60 

300 

.361 

SO 

300 

,241 

100 

300 

.112 

100 

300 

.  104 

100 

415 

.213 

Freon  TFiGHjClj, 

40 

50 

.035 

3:1  by  vol. 

40 

50 

.023 

40 

100 

.092 

40 

150 

.  185 

40 

200 

.271 

1,  2-dichloroethane 

40 

300 

.052 

40 

300 

.045 

1,1, 2-trichloroethane 

40 

300 

.032 

40 

300 

.041 

HjO 

30 

l.'^O 

.002 

coHfmnwL 
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APPENDIX  I 


Corrosion  Studies 


A  single  corrosion  eiqjeriment  with  >97%  ^^2^4  showed 
corrosion  rates  of  about  10-^  inches  per  year  with  Kastelloy  C,  type  440 
stainless  steel,  and  nickel,  and  about  10~®  inches  per  year  with  type  316 
stainless  steel.  Expostire  was  to  N2F4  free  of  HF  under  the  test  conditions 
shown  in  Table  VI.  The  results,  summarized  in  Table  VII,  showed  that  all 
of  the  materials  tested  were  acceptab!-''  -'•o'^ctructioa  and  the  type  316 
stainless  steel  could  be  used  for  precision  Stted  parts. 

The  test  coupons  were  about  3/4  x  3/S  x  I/I6  inches  and 
were  suspended  by  Teflon  string  in  a  30  ml  test  cell  located  downstream  of 
the  compressor  second  stage  discharge.  About  10%  of  the  N2F4  exposure 
was  at  >  30C  psig  and  the  rexssainder  in  the  range  of  0-30  psig.  Exposure 
was  not  continuous  because  equipment  changes  required  periodic  flushing 
with  nitrogen  and  air  for  personnel  entry  into  the  reactor  bay. 

Table  VI 

Corrosion  Test  Conditions 

Test 

Exposure,  hours 


30  psig  1^F4 

1169 

300-500  psig  N2F4 

133 

Temperature,  ®C 

35-42 

Analysis  (Average),  % 

N2F4 

>  97% 

NO 

<  3% 

HF 

?550% 
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Table  vn 

Summary  of  Corrosion  Tests  oo  N2F4 


Sample 
Hastelloy  C 
440  Stainless  Steel 
316  Stainless  Steel 
Nickel 


Corrosion  Rate,  inches/ yr. 

1.3  X  10-* 

1.8  X  10*“ 

1.4  X  10-5 

2.6  X  10-“ 


The  coupons  were  prepared  by  successive  washing  widi  water,  acetone,  and 
methylene  chloride.  Two  weighings  were  made  following  exposure.  The 
first  was  made  after  the  coupons  were  washed  by  the  above  procedure,  and 
the  second  followed  a  Bon  Ami  scouring  to  remove  surface  films.  No  addi- 
tiotial  weight  loss  was  observed  after  scouring.  Estimated  error  of  the 
corrosion  rate  was  ±5G%,  based  upon  the  accuracy  of  the  balance  used  to 
determine  the  weight  loss  (excepting  316  stainless  steel  which  was  d:100%). 
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APPENDIX  J 


Safety 


N2F4  Cylinder  Decomposition 

About  4  pounds  of  N2F4  (in  a  single  cylinder)  was  lost  because 
of  partial  decomposition  upon  opening  of  the  main  cylinder  valve.  About  13^ 
of  the  NjF4  decomposed  to  NF3  and  N2  by  the  overall  reaction: 


3  N2F4  - >  4  NFj  X  N2; 


-38.  85 


kcal _ 

mol  N2F4 


Following  a  routine  procedure,  the  main  cylinder  valve  was  manually 
"cracked”  to  bleed  the  N2F4  into  the  manifold.  The  pressure  momentarily 
leveled  off  at  130  psig  and  then  started  rising  to  150  psig.  Immediately 
afterwards  the  operator  noticed  that  the  top  of  the  cylinder  was  "uncomfortabl 
hot  to  the  touch  (ca.  13C®F).  The  incident  was  particularly  disconcerting 
since  the  valve  had  already  been  opened  and  closed  once  to  obtain  a  mass 
spectral  sample. 

Previous  studies*  of  explosive  N2F4  reactions  indicated  a 
lyiaxiiTuun  pressure  increase  of  about  14  times  the  initial  pressure  (using 
exploding  wire  or  No.  6  detonators  for  initiation).  These  studies  were  the 
basis  of  the  130  psig  limit  on  a  standard  nitrogen  cylinder  fitted  with  an 
oxygen  main  valve.  Although  in  this  incident  the  protection  offered  by  the 
cylinder  was  adeqtiate,  an  additional  safety  factor  was  later  incorporated 
into  the  N2F4  handling  procedure  by  providing  for  remote  opening  and  closing 
of  the  main  cylinder  valve. 


*Rohm  &  Haas  Company,  Quarterly  Progress  Report  on  Interior  Ballistics, 
P-60-13,  pp.  1-7,  January  19.  1961. 
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A  possible  cause  of  the  incident  was  the  initiation  of  the  N2F4 
by  air.  Since  this  incident  two  cylinders  from  the  same  shipment  (oat  of  six 
received)  have  leaked  N2F4  during  the  opening  procedure  because  the  stem 
packing  was  inadequate.  These  are  die  first  cylinders  with  which  this  difficulty 
was  observed;  however,  leaks  of  this  kind  are  not  easy  to  detect  because 
there  are  valve  positions  in  which  sealing  does  occur.  Past  experience 
suggested  that,  once  initiated,  the  reaction  coedd  propagate  back  through 
the  leak.  Leakage  is  a  problem  only  during  opening  or  closing  using  the 
standard  practice  of  tightening  the  valve  in  the  full  open  position,  because 
there  is  a  superior  second  sead  independent  of  the  stem  seal.  For  this  reason 
personnel  exposure  to  full  N2F4  cylinders  was  permitted  when  the  valve  was 
fully  opened  or  closed. 

Explosions  in  Reactor 

Six  explosions  occurred  during  operation  of  the  liquid  phase 
flow  reactor.  Four  occurred  without  warning  in  the  mixing  tee  (where  the 
N2F4  was  added  to  the  olefin  solution),  and  two  occurred  during  attempts  to 
elirtunate  reactor  plugs.  There  was  no  evidence  of  propagation  through  the 
condensed  liquid  lines;  however,  in  two  instances  there  was  propagation 
tlirough  the  i/8"  I.  D.  K2F4  feed  tube.  Equipment  damage  was  minor,  being 
limited  to  the  mixing  tee,  a  valve,  or  the  tubular  reactor  coils.  Down  time 
for  repairs  v?as  usually  two  to  three  days. 

The  foxxr  explosions  in  the  mixing  tee  were  similar.  In  each 
instance  no  difficulties  had  been  encountered,  euid  all  measurements  suggested 
the  reactor  v;as  operating  normally  when  the  explosion  occurred.  In  the  first 
two  explosions  there  was  propagation  back  to  the  N2F4  feed  valve.  Following 
the  first  two  incidents,  the  N2F4  feed  tube  was  inserted  into  the  cooled  section 
to  insure  absorption  where  the  0. 18"  LD.  tube  was  totally  surrounded  by  the 
CC  brine  bath.  This  modification  limited  damage  to  the  mixing  tee  in  the 
two  subsequent  incidents. 
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Apparently  the  explosions  were  not  related  to  N2F4  purity, 
which  varied  from  97  to  99.  5%.  A  probable  cause  was  initiation  by  a  small 
amount  of  air  inadvertently  introduced  with  the  solvent-olefin  feed.  Observa¬ 
tions  confirmed  that  the  air  purge  techn-que  did  not  eliminate  air  in  the  30  ml 
section  between  the  ijlass  wool  filter  -  a  the  suction  side  of  the  liquid  pump, 
and  as  passage  through  the  filter  became  di^hcult  the  pump  started  taking  a 
little  air  with  each  stroke. 

The  two  other  e3q>losio?s  were  related  to  reactor  plugging 
which  forced  ■oremature  shut  down  of  tli>  plant.  Both  occurred  during  attcuapts 
to  remove  the  solid  plug  so  that  the  N2F4  could  be  cleaned  out  to  allow  personnei 
entry  into  the  reactor  bay.  The  explosions  were  assumed  to  be  caused  by 
locally  excessive  N2F4  concentrations  reacting  with  eidier  die  solids  or  olefin. 
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